INTRODUCTION
Castor (Ricinus communis L.) is a valuable oilseed crop that provides almost the entire world's supply of hydroxy fatty acids . It is used in the production of lubricants, paints, soaps and pharmaceuticals. India is the largest producer of castor seed and the United States imports 44.000 mega grams of castor oil annually (GHANDI et al., 1994 , ADEYANJU et al., 2010 TORRES et al., 2014 TORRES et al., , 2015 .
The castor belongs to the family Euphorbiaceae.
It is an essentially tropical/subtropical species and it grows naturally over a wide range of geographical regions including temperate areas. Exploitation of castor ranges from the simple harvesting of beans from wild plants through the cultivation of hybrid varieties and the use of improved cultivation methods. Wild plants are perennials, but where it is deliberately cultivated an annual production cycle is possible (GOGOI et al., 2009; DHEDHI et al., 2010) .
One of the primary objectives of castor breeders is to increase the oil content, therefore several researches to identify which major genetic and environmental factors that are interrelated with this variable have recently been conducted (JIN-QUIN et al., 2004; YADAV et al., 2004; RAMU et al., 2005; GOGOI et al., 2009; ADEYANJU et al., 2010; DHEDHI et al., 2010; TORRES et al, 2013) . Generally, oil content represents the final character resulting from many developmental and biochemical processes which occur between germination and maturity. Before yielding improvements can be achieved, the breeder needs to identify the causes of variability in oil yield in any given environment. Since fluctuations in environment generally affects yielding through its components. Ramu et al. (2005) suggested that individual yield components may contribute with valuable information to many researchers who have analyzed breeding through yielding components. In as much as the determination of the correlation coefficient of yield and its components are undoubtedly helpful to breeders in selecting suitable plant types based on simultaneous selection of two or more characters, a better approach of character association is the path analysis (GOGOI et al., 2009; ADEYANJU et al., 2010; DHEDHI et al., 2010; TEODORO et al., 2014 TEODORO et al., , 2015 . Whereas correlation is simply a measurement of mutual association, with no regards to its cause, path-coefficient analysis specifies the cause and measures their relative importance. According to Cruz et al. (2004) , this technique is most useful when conditions allow for its application.
In this context, with the purpose of contributing to the genetic improvement of castor, the present study aimed at evaluating the correlation and the direct and indirect effects of morphological traits on the oil content of genotypes of this crop.
MATERIAL AND METHODS
The experiment was installed in the agricultural years 2010/2011 and 2011/2012 in the experimental area of the Universidade Estadual de Mato Grosso do Sul, (State University located in the city of Aquidauana, Mato Grosso do Sul -Brazil) -(UEMS/UUA). Is it specifically located in the Brazilian Savanna, whose coordinates comprise 20º27'S and 55º40'W with an average elevation of 170 m.
The soil was classified as Ultisol sandy loam texture Torres et al. (2013 Torres et al. ( , 2015 .
At harvest the following descriptors were evaluated: plant height (PH), stem diameter (SD), number of bunches (NB), number of fruits (NF), mass of fruits (MF), mass of a hundred seeds (MHS) and oil content (OC). The OC was determinate according to the procedure described in Li (2004) .
In the analysis of results was used the analysis of variance, adopting the following statistical model (CRUZ et al., 2004) : Y ij = µ + g i + b j + e ij , wherein:
Y ij = characteristic value of the i-nth genotype on the j-th block; µ = overall average of test; g i = effect of i-nth genotype ( i = 1,2, ... , g); b j = effect of j-th block (j = 1,2 ... , r); e ε ij = random error associated with the genotype i and block j ε ij~ NID (0, s 2).
Genetic parameters and their estimators were analyzed for each characteristic using the following expressions (CRUZ et al., 2004) : Phenotypic correlations were deployed by path analysis in estimates of direct and indirect effects considering the following statistical model: Y = p 1 x 1 + p 2 x 2 + ... + p n x n + p ε u, in which: y: basic variable or dependent dry matter productivity; x 1 , x 2 , ..., x n : explanatory variable; p 1 , p 2 , ..., p n : path coefficients.
Path coefficients were estimated through system proposed by Li (1975 The diagnosis of multicollinearity in the explanatory variables was performed based on the condition number (CN) established by Montgomery and Peck (2001) , with NC <100 weak (not constituting a serious problem); 100 < NC <1000, moderate to strong, and > 1000, severe.
With the effect of multicollinearity detected, the analysis was performed as suggested by Cruz et al. (1994) , being carried out with the assistance of a computer application Genes (CRUZ, 2006) . Table 1 gives an overview of the genetic parameters evaluated in this study. The experimental coefficient of variation ranged between (CVe) 7.7 (OC) and 25.0 (NF), which according to Lúcio et al. (1999) classifies experimental high precision. The genotypic coefficient of variation (CVg) varied between 0.4 (OC) and 35.4 (MHS), which indicates that among the descriptors evaluated MHS and NF are the ones who show greater variability, highly promising for the direct selection of superior genotypes. Considering that the existence of genetic variability in a population is crucial to any breeding program (RAMALHO et al., 2000) , the germplasm under study proves in principle, promising to selection or hybridization with potential for development of new genotypes. The b quotient was greater than 1.0 only for NB and MHS, indicating favorable situations for the selection of all other descriptors according to the interpretation of this value recommended by Vencovsky (1978) . The descriptors PH, SD, NB, NF and MHS showed heritability (h²) greater than 60%, indicating that it less influenced by the environment (CRUZ et al., 2004) . On the other hand, the low h² Table 2 shows significant phenotypic correlations (r P ) (p<0.05) between descriptors PH x SD, PH x OC, PH x MHS, SD x OC, SD x MHS, OC x MHS and NF x MHS resembling the results obtained by Yadav et al. (2004) , Gogoi et al. (2009) , Adeyanju et al. (2010) and Dhedhi et al., (2010) . Therefore, despite low genetic indications (CVe, CVg, b and h ²) of the descriptor OC, the selection of genotypes with high PH, SD and MHS will consequently result in genotypes with high oil content due to the fact that r p is positive. This is probably due to the occurrence of pleiotropism or genetic linkage disequilibrium between pairs of characters that favor the simultaneous selection of two or more characters by selection in only one of these (FALCONER, 1987; GOLDENBERG, 1968) . Moreover, the selection of a character can cause an undesirable selection of another character, for example, in case r p be negative between NF x MHS . Genotypic correlations (r G ) showed the same signal, in most cases, superior to their corresponding r P values, indicating that the phenotypic expression is decreased given the influences of environment, corroborating the results of Yadav et al. (2004) , Gogoi et al. (2009) , Adeyanju et al. (2010) and Dhedhi et al., (2010) . Thus, the r F may be useful in the absence of estimates of r G .
RESULTS AND DISCUSSION
Environmental correlations (r E ) between characters with differences in magnitude and sign, in relation to the respective correlations r G revealed that the environment favored a character over another and that the genetic and environmental causes of variation have different physiological mechanisms, hindering the indirect selection. But for descriptors related significantly with OC, the signals were similar, which accords to Adeyanju et al. (2010) result in concomitant increase in one or more components.
Although the normally used as indicators of association between correlations (r P , r G or r E ), it does not always demonstrate cause and effect (FALCONER, 1987) . In this context, the path analysis is a very useful technique to demonstrate the true correlations of cause and effect (CRUZ et al., 2004) . In order for the evaluation of the association between characters to have an estimate and generate a biologically safe and appropriate interpretation, it is of fundamental importance that 1367 Correlations and path… TORRES, F. E. et al the degree of collinearity among the independent variables be tested (COIMBRA et al., 2005) . The r P between OC and other agronomic descriptors was split into direct and indirect effects. This analysis initially showed severe collinearity (NC>1000) based on the classification proposed by Montgomery and Peck (2001) . In this case, it is advisable for the elimination of inter-related variables (REZENDE, 2007) or to conduct the analysis considering the effects of collinearity (CRUZ et al., 2004; COIMBRA et al., 2005) .
Problems relating to multicollinearity were already expected, since they are involved in the analysis descriptors biologically dependent. However, this result does not invalidate the realization of the path analysis, because there are already appropriate methodologies to study the direct and indirect effects on multicollinearity (CARVALHO, 1995; CARVALHO et al., 1999; COIMBRA et al., 2005) . Therefore, the methodology proposed by Carvalho (1995) , denominated path analysis in crest for parameter estimation as an alternative form to methodology of the least squares. The constant k added to the diagonal of the matrix X'X was determined by examining the trace crest, through the construction of a graph where the path coefficients based on values of k were plotted in the range of 0<k<1. Table 3 delineates the direct and indirect descriptors reviews about OC with k value equal to 0.90 effects. Analyzing only the direct effects, there was a positive influence of descriptors PH, SD, NB and MHS on the variable OC. By analyzing the indirect effects, an association of the very same descriptors was found, in other words, their selection can influence directly or indirectly the increase in OC. These results confirm the reports of Li et al. (2004) , Ramu et al. (2005) and Adeyanju et al. (2010) that the selection of genotypes with high MHS increase the OC. Coefficient of determination of the path analysis model (R²) was equal to 0.8998, featuring that 89.98% of the variation in the dependent variable (OC) in the crest model, which is explained by the variables used in the causal diagram. The coefficient of determination is an indicator for the analysis of the model adopted. In the case of R 2 close or equal to unity (1), it is accepted that the variations in the dependent variable are explained by variations of the explanatory variables. The magnitude of the coefficient of determination is higher than that found in other oilseed crops such as soybean and canola (COIMBRA et al., 2005) . Therefore, both the direct and the indirect selection of descriptors PH, SD, NB and MHS are effective in the increase of OC because the direct effects also contributed through indirect ways to increase this parameter.
CONCLUSION
The direct and indirect selection of genotypes with plant height, stem diameter, number of bunches and mass of hundred seeds is the fastest, most economical and most effective way to select genotypes with high oil content in castor. 
